Objectives: to assess the sensitivity and specificity of a screening battery for detecting cognitive impairment after stroke. Design: a randomized controlled trial. Methods: stroke patients were recruited from hospitals in three centres. Patients were screened for cognitive impairment on the Mini-Mental State Examination, the Sheffield Screening Test for Acquired Language Disorders and Raven's Coloured Progressive Matrices and received a further battery of assessments of cognitive function. Sensitivity and specificity values were calculated for the three screening measures for overall conclusions regarding cognitive impairment reached from a comprehensive assessment. Receiver Operating Characteristic Curves were plotted. Conclusion: the Mini-Mental State Examination was not a useful screen for memory problems or overall cognitive impairment after stroke. The Sheffield Screening Test for Acquired Language Disorders was an appropriate screen for language problems. The Raven's Coloured Progressive Matrices was appropriate as a screen for perceptual problems and visual inattention but not for executive deficits.
Introduction
Stroke results in motor and cognitive impairments, with the severity of the stroke associated with the degree of impairment [1] . The type and severity of the cognitive impairments varies according to the site of neurological damage and its magnitude. Cognitive problems after stroke are common [2] and need to be assessed. However, this is a time consuming process and therefore it is advantageous to use screening measures to select those patients who require further evaluation.
The value of neuropsychological assessment is increasingly being recognized in the management of stroke patients [3] . In the National Clinical Guidelines for Stroke [4] the importance of rapid neuropsychological assessment in stroke rehabilitation services is emphasized. The benefits are wide ranging, including the provision of prognostic information, providing a basis on which to plan cognitive remediation and providing advice and recommendations to other members of the rehabilitation team, patients, families and the social services [5] . The cost of this provision can be high, both financially and in time, as many of the assessments are lengthy to administer. It is therefore important to target such assessment where it is most needed. Screening tests are needed to highlight problem areas [6] . They must be sensitive enough to detect all those with problems and specific, so as not to identify anyone as having cognitive problems when they do not. It is an advantage if they are quick and easy to administer by clinical personnel who may have little training in neuropsychological testing.
The Mini-Mental State Examination (MMSE) [7] , Raven's Coloured Progressive Matrices (RCPM) [8] and the Sheffield Screening Test for Acquired Language Disorders (SST) [9] are brief, easily administered and potentially suitable as screening measures for cognitive impairment after stroke. The MMSE assesses 'cognitive aspects of mental function' [7] and consists of two sections, one covering orientation, memory and attention and requiring only verbal responses, the second addressing the ability to follow verbal and written commands, name, write a sentence spontaneously and copy a complex polygon figure [7] . As an assessment of cognitive state it shows good discrimination between the cognitively impaired and 'normals' [10] and has demonstrable validity and reliability [7, 11] . The MMSE has been recommended as a routine cognitive screening instrument for elderly persons in the community [12] with 80% sensitivity and 98% specificity for detecting cognitive problems. A comparison between the MMSE and the Cognitive Section of the Cambridge Examination for Mental Disorders of the Elderly (CAMCOG) concluded that both screening tests were able to detect dementia, but, receiver operating characteristic analysis suggested that the CAMCOG was a more accurate screening assessment [13] . However, the MMSE is more frequently used in clinical practice. The SST [9] was developed as a non-specialist clinical aid to help identify dysphasia and to enable an appropriate referral to a speech and language therapist [14] . It has two sections, one assessing receptive skills and one assessing expressive skills. It is as short and simple to administer as the Frenchay Aphasia Screening test but has the advantage that it requires no stimulus cards and is able to detect milder communication problems [14] . The RCPM [8] is a non-verbal assessment of intelligence based on visual perceptual abilities and analogical reasoning. It is a shortened version of the Standard Progressive Matrices and is suitable for the assessment of elderly people. The aim of the study was to investigate the sensitivity and specificity of the MMSE, SST and RCPM in screening for cognitive impairment.
Methods
Stroke patients were recruited within 4 weeks of admission to hospitals in Nottingham, Derby and Mansfield, UK, as part of a randomized controlled trial evaluating the impact of cognitive assessment in multi-disciplinary stroke rehabilitation [15] . Patients giving informed consent were included provided that they were conscious on admission to hospital (thus excluding patients who were unlikely to survive), could sit and co-operate with the assessments for 30 minutes at a time and had no significant visual and hearing impairments which prevented them from completing all of the screening assessments.
Basic demographic information was collected including age, sex, residence prior to the stroke, pre-stroke Barthel Index [16] and carer support. Information was collected on level of consciousness, side of stroke, degree of weakness in arm and leg, swallowing status and continence of bowel and bladder. Functional independence was assessed using the Barthel Index [16] . The MMSE, SST and RCPM were administered to all recruited patients. The total score was calculated for the MMSE and also the orientation, memory and attention items. The receptive, expressive and total scores were calculated for the SST. The total score was calculated for the RCPM as an indicator of visuospatial and executive deficits. In addition the proportion of right and left answers was calculated to indicate visual inattention using the formula (R-L)/(RqL)3100 and ignoring the sign, so that the scale ranged from 0, responses equally distributed between the right and left, and 100, extreme bias of responses to one side.
After the screening assessment, patients were randomly allocated to one of two groups as part of the evaluation of the value of cognitive assessment after stroke [15] . The intervention group received a detailed cognitive assessment. The results were summarized in a report made available to all staff involved with patient rehabilitation including nurses, therapists and doctors and the patient's GP, the patient themselves and with consent, their relatives. Patients in the intervention group who had received both a screening assessment and detailed assessment battery, were included in this study.
A battery of detailed assessments was administered to all patients in the intervention group within 3 months of the screening assessment. This included the Shortened National Adult Reading Test (NART) [17] as an assessment of pre-morbid intellectual abilities. The Rey-Osterreith Complex Figure [18] was used to assess spatial perception, and the Behavioural Inattention Test (BIT) Star Cancellation [19] to assess visual inattention. Recognition memory was assessed on the Salford Objective Recognition Test (SORT) [20] and immediate and delayed verbal recall on the Adult Memory and Information Processing Battery (AMIPB) Story Recall [21] . The Apraxia Test [22] was used to assess for apraxia. Language and executive function were assessed on the Controlled Oral Word Association Test [23] and executive function on the Cognitive Estimation Test [24] .
Based on the findings from the standard battery of cognitive assessments, supplementary tests were selected to clarify the nature of any cognitive deficits identified. These assessments were tailored to individual needs and provided information to be incorporated into the overall conclusions in the psychology reports. Perceptual deficit was assessed further using the Visual Object and Space Perception Test [25] , BIT [19] or the Birmingham Object Recognition Test [26] . Memory was assessed in more detail on the AMIPB [21] , Recognition Memory Test (RMT) [27] , Doors and People [28] or the Revised Weschler Memory Scale (WMS-R) [29] . Attention was assessed on the Test of Everyday Attention (TEA) [30] . Language was assessed on the Graded Naming Test [31] , Token Test [32] and the Psycholinguistic Assessments of Language Processing in Aphasia (PALPA) [33] . Executive function was assessed on the Modified Card Sorting Test [34] and Verbal and Spatial Reasoning Test [35] . The Stroke Driver's Screening Assessment [36] was used for those patients who wished to return to driving.
The information obtained from testing was summarized in a detailed structured written report and recommendations were provided for approaches to the patient's care. This was made available to hospital staff involved in the patient's care and the GP. From the conclusions of these reports, patients were classified as 'impaired' or 'not impaired' in spatial perception, visual inattention, memory, (verbal and visual), apraxia, executive function and language. The assessments were conducted by an assistant psychologist, supervised by a chartered clinical psychologist.
Data were analyzed using SPSS Release 9. The sensitivity and specificity of the screening measures were determined in relation to the presence of impairment as given in the overall conclusions of the written reports. Receiver Operating Characteristic (ROC) curves [37] were plotted to show the sensitivity and false positive rates resulting from various cut-offs for the screening tests. The MMSE was evaluated as a screening measure for impairments of memory and overall cognitive impairment. The SST was evaluated with respect to impairments of language and verbal memory. The RCPM was evaluated in relation to impaired spatial perception, visual inattention and impaired executive functioning.
Results
There were 112 stroke patients recruited and randomly allocated to receive a cognitive assessment. Of these, 64 were men and 48 were women. They were aged 38-92 (mean age 70.8 S.D. 12.2 years). Left weakness occurred in 50 patients, right weakness in 56 patients, bilateral weakness in one patient; no signs of weakness were detected in one patient and in two patients, the presence of weakness was unknown. The mean Barthel Index at recruitment was 10.5 (S.D. 5.8).
The descriptive results from the screening and detailed assessments are shown in Table 1 . The number of patients impaired on each assessment according to recommended cut-offs was calculated. Results are shown in Table 1 .
About a third of patients were impaired on each of the measures used. Impairment on recognition memory for words was less frequent (11%) and visuospatial impairment on the Rey Figure was more frequent (66%). According to the overall conclusions from the written reports, 43 (40%) of patients had language problems, 49 (51%) had difficulties with spatial perception, 25 (26%) had visual inattention, 48 (52%) had executive deficits, 50 (56%) had verbal memory problems and 38 (42%) visual memory problems.
The sensitivity and specificity of the screening battery was then determined in relation to overall impairment classifications from the written reports. ROC curves were formed by plotting the range of sensitivity and specificity pairs for the screening assessments with impairments. A test is more accurate in classifying patients as impaired or not impaired the closer the curve is to the left-hand corner of the graph. ROC curves showing the sensitivity and specificity for the full range of possible cut-offs are shown in Figures 1, 2 and 3 . Optimum cut-offs were identified from the ROC curves for each comparison. When evaluating the usefulness of a screening measure to identify those individuals with cognitive impairment, good sensitivity ()80%) is desirable. Therefore, cut-offs were selected that maximized the sensitivity of the tests whilst maintaining an acceptably low false positive rate (specificity)60%). No optimum cut-offs could be identified from the ROC curves for the MMSE with overall visual and verbal memory problems. Separating the orientation memory and attention questions did not provide an acceptable cut off with good sensitivity and specificity to identify those with memory problems. However comparing the MMSE with cognitive impairment in any area identified an optimum cut-off of -24 with good specificity (88%) and moderate sensitivity (62%). A cut-off of -15 on the SST was optimum for the detection of overall language impairment with good sensitivity (89%) and specificity (88%). Separate analysis of the receptive and expressive sub-sections showed that a cut-off of -7 on the receptive scale had a sensitivity of 79% and a specificity of 85%. For the expressive section the optimum cut-off was -9 indicating language problems with a sensitivity of 82% and specificity of 89%. The ROC curve for the RCPM as a screening for executive deficit showed no optimum cut-off. Curves for RCPM with spatial deficit identified a cut-off of -23 with good sensitivity (87%) and adequate specificity (69%). When RCPM was compared with visual inattention, a cut-off of -19 gave high sensitivity (91%) and adequate specificity (72%). Using the laterality index as a screening measure for inattention gave an optimum cut-off of -25% lateralised, which had a sensitivity of 76% and a specificity of 78% for detecting inattention.
Discussion
In comparison with the overall conclusions from reports, the MMSE overall score was not a good screening measure to detect memory problems after stroke because there was no clear cut-off score to indicate a problem requiring further evaluation. This also applied when only the orientation, memory and attention questions were considered. It may be useful to evaluate whether an alternative measure of memory such as the SORT [20] or the R-CAMCOG [38] provide clearer cut-offs for impairment. However, the MMSE does not exclusively measure memory. It was able to detect those with any type of cognitive problems with moderate sensitivity and specificity. The SST was a useful screening measure for language problems. The optimum cut-off of -15 was both sensitive and specific. This corresponds with that specified in the test manual and is consistent with other research on screening measures for aphasia [14] . Using the full SST was more accurate than either the receptive or expressive subscales alone. The SST is therefore recommended as a brief screening measure for identifying language difficulties after stroke. The concern that the SST might also detect verbal memory problems was not supported.
The RCPM was found to be a sensitive and specific measure of both visual inattention and spatial perception deficits. The cut-off of -23 for spatial perception problems had good sensitivity and adequate specificity. Although the Rey Figure Copy has previously been recommended as a screening instrument for perceptual deficit following stroke [6] , the RCPM has the advantage in that it does not require motor skills for drawing. The RCPM is recommended as an easily administered bedside screening assessment for the detection of perceptual problems. The RCPM performed poorly as a screening measure for executive deficit. This is surprising given that the test was developed as both a measure of perceptual difficulties and analogical reasoning. This is possibly because executive function is complex and consists of a collection of functions rather than being a unitary deficit [39] . Therefore, the RCPM may have been measuring a single deficit in executive function and was unsatisfactory as a screen for the presence of any deficit of executive function. This implies that several measures of executive deficit are needed rather than a single test. The laterality index of the RCPM was no more sensitive or specific than the simple total for detecting inattention. Therefore the simple cut-off of the total RCPM of -19 as indicative of visual inattention should be used.
One limitation of the study is that all patients did not complete all of the cognitive assessments. If they had it would have been possible to select a 'gold standard' for each cognitive ability, such as the PALPA [33] for language problems and the BIT [19] for visual neglect, and assess the performance of the screening measures against these 'gold standards'. However, this was impractical because it would have required all patients to tolerate a very lengthy assessment schedule. The procedure was designed to be representative of cognitive assessment in clinical practice and therefore not all abilities were assessed in detail.
Assessments were done on patients selected for a randomized controlled trial [15] and therefore may not be representative of all stroke patients admitted to hospital. Patients who were not able to tolerate the assessment were excluded and they may have had cognitive deficits. It may be necessary to develop simpler shorter screening measures for this group of patients. Nevertheless, the patients included were probably representative of the majority who would receive rehabilitation following stroke. It was also not possible to determine whether all cognitive deficits were a consequence of the stroke and not a pre-existing cognitive impairment. However, this would not necessarily have affected the relationship between the screening measure and overall detailed assessment.
The MMSE was a moderately useful screening measure for general cognitive impairment. However it lacked sufficient sensitivity to be recommended. The SST and RCPM are recommended as useful measures for screening for language and perceptual impairments. However, further studies are needed to identify appropriate measures to screen for memory impairment and executive deficits after stroke.
Key points
. The MMSE lacks sensitivity as a screening measure for cognitive impairment after stroke. . The SST is a useful screening measure for language disorders. . RCPM is a useful screening measure for visual inattention and spatial problems but not executive deficits.
